The gaschromatographic-mass spectrometric method reported by Markus and Sherma is also restricted to the assay of drug in cattle liver. 18 Differential scanning calorimetry and HPLC 19 have been applied to evaluate the compatibility of tablet excipients with albendazole. Only one procedure using HPLC has been described for the determination of albendazole in pharmaceuticals, 20 but the procedure is poorly sensitive with the linear range of applicability being 0.1 -0.4 mg ml -1 .
Two procedures based on ultraviolet spectrophotometry, 21, 22 have been reported for the determination of albendazole in formulations, but are also less sensitive. Both direct and indirect visible-spectropotometric methods based on color reactions involving the amino or the propylthio group of the albendazole structure can be found in the literature. Zarapkar and Deshpande 23 have determined the drug in tablets and syrup based on reduction of the Folin-Ciocalteu reagent to a bluecolored species by the amino group of the drug molecules and a subsequent measurement of absorbance at 700 nm. An extractive spectrophotometric method 24 using three acid dyes (Bromophenol Red, Bromophenol Blue and Bromothymol Blue) has been reported for the assay of 2 -12 µg ml -1 of drugs in tablets and syrup. Recently, two indirect spectrophotometric procedures 25 involving N-bromosuccinimide-metolsulfanilamide and permanganate-Celestine Blue as chromogenic reagents have been proposed by Sastry et al. Although the visible spectrophotometric procedures are fairly sensitive, they suffer from one or another disadvantage, such as poor selectivity, 23 the use of an organic solvent and an extraction step, 24 or the use of unstable reagent solution. 25 To our knowledge, no titrimetric method for the determination of albendazole has yet been reported despite the versatility, simplicity and reliability of the technique in chemical analysis. The requirements of pharmaceutical quanlity control are more severe than in other fields; drug control requires excelled accuracy, specificity and precision. Further, because active components are often present in low amounts in pharmaceutical formulations, the methods must be very sensitive. These requirements are fulfilled by three methods presented in this paper. The methods are based on an oxidation reaction with Chloramine-T in a hydrochloric acid medium. Titrimetry, involves direct titration of drug with an oxidant to the methyl orange end-point whereas spectrophotometric methods are based on the oxidation of the drug with a known excess of Chloramine-T and a subsequent determination of the residual oxidant by reacting it with a measured amount of the acid dye, Methyl Orange or Indigo Carmine followed by a measurement of the absorbance at 510 or 610 nm.
Reagents
All chemicals used were of analytical reagent grade and distilled water was used to prepare all samples and reagent solutions.
Chloramine-T.
An approximately 0.01 mol l -1 solution was prepared by dissolving 2.89 g of the reagent (Loba Chemie, Mumbai, India) in water and diluting to one liter; it was then stored in a dark bottle. The solution was standardized iodometrically 26 and used for titrimetric work. It was diluted sequentially to obtain 25 and 150 µg ml -1 concentrations for use in spectrophotometric methods B and C, respectively. Indigo carmine (100 µg ml -1 ). A 1000 µg ml -1 solution was prepared by dissolving exactly weighed 111 mg of the dye (S.d. Fine Chem. India, 90% purity) in water and diluting to 100 ml with water in a calibrated flask. This solution was diluted 10 times with water. Methyl Orange (50 µg ml -1 ). This was prepared by dissolving exactly weighed 118 mg of the acid dye (S.d. Fine Chem. India, 85% purity) in water and diluting to 100 ml in a calibrated flask, followed by a twenty-fold dilution with the same solvent.
Hydrochloric acid (5 mol l -1 ).
A 440 ml volume of concentrated acid (S.d. Fine Chem. India) was diluted to 1 L with water.
Methyl Orange indicator.
A 0.05% solution of dye was prepared in water.
Albendazole solution.
Pharmaceutical-grade albendazole was obtained from Cipla India Ltd., Mumbai, India as a gift, and used as received. A stock standard solution containing 2 mg ml -1 of the drug was prepared by dissolving 500 mg (accurately weighed) of the pure drug in 25 ml of glacial acetic acid and diluting 250 ml with water is a calibrated flask and used in titrimetry. For spectrophotometric work, the solution was diluted stepwise to obtain a working concentration of 10 µg ml -1 .
Test solutions.
Tablets containing albendazole were purchased from local commercial sources and investigated. An accurately weighed amount of finely powdered tablets equivalent to 200 mg of the active ingredient was transferred into a 100 ml calibrated flask; 10 ml of glacial acetic acid and 50 ml of water were added and thoroughly shaken for about 20 min, and then, diluted to volume with water, mixed well and filtered using a Whatman No. 41 filter paper. The first 10-ml portion of the filtrate was discarded, and appropriately diluted to obtain a working concentration of 10 µg ml -1 for a spectrophotometric assay.
Procedures Titrimetry (Method A).
A 10 ml aliquot of a sample solution equivalent to 1 -14 mg of albendazole was transferred into a 100 ml titration flask; 5 ml of 5 mol l -1 hydrochloric acid and 2 drops of Methyl Orange indicator were added and titrated with a 0.01 mol l -1 Chloramine-T solution to a colorless end-point. An indicator blank was made under identical conditions and a correction for it was applied. From the volume of Chloramine-T consumed by albendazole, the amount of the drug in the measured aliquot was calculated.
Spectrophotometric method B.
Accurately measured volumes of 0.0 -1.5 ml of 10 µg ml -1 standard drug solution were transferred into a series of 10 ml calibrated flasks. To each flask was added 1 ml of 5 mol l -1 hydrochloric acid, followed by 2 ml of a 25 µg ml -1 Chloramine-T solution. The contents were well mixed and allowed to stand for 5 min. Finally, 1 ml of a 50 µg ml -1 Methyl Orange dye solution was added to each flask and diluted to volume with water. The absorbance of each solution was measured at 510 nm against a water blank after 10 min.
Spectrophotometric method C.
In each of a series of 10 ml calibrated flasks were placed different aliquots in the range 0.0 -4.0 ml of a 10 µg ml -1 standard drug solution. The volume was adjusted to 4 ml by adding the requisite volume of water. Then, to each flask were added 1 ml each of 5 mol l -1 hydrochloric acid and 150 µg ml -1 Chloramine-T solutions. The contents were mixed well and left standing for 5 min before adding 1 ml of a 100 µg ml -1 indigo carmine dye solution and diluting to the mark with water. The absorbance of the solutions was measured at 610 nm against a water blank.
In both spectrophotometric methods, a calibration graph was prepared by plotting the absorbance versus the concentration of the drug. The concentration of the unknown was read from the calibration graph, or deduced using a regression equation, calculated from the Beer's law data.
Results and Discussion
The versatility of Chloramine-T as an analytical reagent can be gauged by its applications in the titrimetric [27] [28] [29] [30] [31] [32] [33] and spectrophotometric [34] [35] [36] [37] [38] [39] [40] determination of many oragnic compounds of therapeutic importance. The use depends mainly on its ability to effect the oxidation of diverse functional groups. Taking advantage of the rapid oxidation reaction of Chloramine-T with albendazole, we developed three quantitative and accurate methods for milligram and microgram determinations of the drug in the pure form and in the dosage forms.
Method A
The direct titration of the propylthio group of the drug with the standard Chloramine-T solution was successful in a hydrochloric acid medium using methyl orange as the indicator. With Methyl Red or Indigo Carmine as the indicator, the endpoint was not very sharp, and the obtained results were very high. The proposed titrimetric method could be used for the determination of 1 -14 mg albendazole using a 0.01 mol l -1 solution of Chloramine-T. Below 1 mg and above 14 mg, higher and lower recoveries were obtained. The oxidation reaction was found to be quantitative and instantaneous in hydrochloric acid to facilitate direct titration. The reaction followed a 1:2 molar ratio (albendazole:Chloramine-T), which can be explained by the reaction scheme presented in Fig. 1 . There was no significant change in the reaction stoichiometry when 2 to 10 ml of 5 mol l -1 hydrochloric acid was used in a total volume of 20 -30 ml at the end-point. Below 2 ml, N values less than 2 were obtained, resulting in lower recoveries. The relationship between the drug amount and the titration endpoint was checked by calculating the correlation coefficient via the method of least squares; the value was found to be 0.9987 (n = 8), indicating a definite stoichiometric reaction in the investigated range (1 -14 mg) . 
Method B
Chloramine-T has been reported to destroy Methyl Orange to a colorless product in an acid medium; this property has been successfully exploited for the direct titration of many pharmaceuticals with Chloramine-T using Methyl Orange as the indicator 28, 41, [43] [44] [45] [46] (including the present titrimetric work). Taking advantage of this observation, we developed a highly sensitive indirect spectrophotometric method for the assay of albendazole.
Methyl Orange is an azo dye with a characteristic maximum at 510 nm in an acid medium. Chloramine-T destroys the dye to a colorless product; as a result, there is a decrease in the absorbance at 510 nm with increasing concentrations of Chloramine-T. When a fixed amount of Chloramine-T is reacted with increasing amounts of albendazole in a hydrochloric acid medium, proportionally increasing amounts of the oxidant are used up by the drug. As a result, there is a decrease in the Chloramine-T concentration for reacting with a fixed amount of Methyl Orange dye added. This causes a concomitant increase in the absorbance of the solutions, which is proportional to the albendazole concentration (Fig. 2) .
The various parameters involved in the assay method were optimized. In a preliminary experiment, it was found that 1 ml of 50 µg ml -1 Methyl Orange in 10 ml produced a convenient maximum absorbance. This was completely destroyed to zero absorbance by 50 µg of Chloramine-T. Hence, different amounts of albendazole were reacted with 50 µg of Chloramine-T, and the unreacted oxidant was reacted with 1 ml of 50 µg ml -1 Methyl Orange in a total volume of 10 ml, to determine the Beer's law range. The increasing absorbance values at 510 nm were plotted against the increasing concentration of albendazole to obtain a calibration graph.
The redox reaction between albendazole and Chloramine-T was found to be rapid in a hydrochloric acid medium, and for the range studied, it was complete in less than 5 min. However, contact times of up to 20 min had no effect on the results. Similarly, 0.5 to 2.5 ml of 5 mol l -1 hydrochloric acid in a total volume of 10 ml (0.25 -1.25 mol l -1 ) produced identical results. At higher concentrations of Chloramine-T, discharge of the Methyl Orange color was instantaneous, but at lower concentrations it took about 5 min, and hence a standing time of 10 min was fixed as being optimum after adding the dye and before measuring the absorbance.
Method C
Chloramine-T is known to convert the Blue Indigo Carmine dye to a green product in an acid medium, 47 this color change being taken as the end-point in the titration of several types of organic substances using Chloramine-T as the oxidant. This observation was used in the present study to determine microquantities of albendazole. The method is based on the oxidation of the drug by a known excess of Chloramine-T in a hydrochloric acid medium and a subsequent determination of the residual oxidant by reacting it with a fixed amount of indigo carmine dye, and measuring the change in the absorbance of the latter at 610 nm.
Albendazole, when added in increasing amounts to a fixed amount of Chloramine-T, consumes the latter, and there is a concomitant decrease in its concentration. When a fixed amount of indigo carmine is added to decreasing concentrations of Chloramine-T, a concomitant increase in the concentration of the blue form of the dye is obtained. This is observed as a proportional increase in the absorbance of the dye at 610 nm with increasing concentration of the drug (Fig. 3) .
The first step in the assay procedure is a determination of the upper limit of indigo carmine that can be measured spectrophotometrically at 610 nm; this was found to be 10 µg ml -1 in a preliminary experiment. This was completely converted to a green product, as indicated by the nearly zero absorbance at 610 nm, by 15 µg ml -1 of Chloramine-T. Hence, different amounts of albendazole were reacted with 1 ml of 150 µg ml -1 of Chloramine-T, and the unreacted oxidant was treated with 1 ml of a 100 µg ml -1 dye solution in a total volume of 10 ml before measuring the absorbance at 610 nm.
Hydrochloric acid was the medium of choice for the oxidation of albendazole by Chloramine-T as well as the latter's determination with indigo carmine. The absorbance of indigo carmine was not affected in a 0.5 to 1.5 mol l -1 hydrochloric acid concentration. A concentration of 0.5 mol l -1 was found to be optimal for the oxidation of albendazole in less than 5 min, and hence the same concentration was employed for the determination of Chloramine-T with indigo carmine.
The contact times are not critical. Any delay of up to 30 min in the determination of unreacted Chloramine-T has no effect on the absorbance. A contact time of 5 min after the addition of indigo carmine is necessary for its reaction with Chloramine-T before measuring the absorbance. Even this contact time is not critical. 
Analytical parameters (Methods B and C)
A linear correlation was found between the absorbance at λmax and the concentration in the range given in Table 1 . The correlation coefficients, intercepts and slopes for the calibration data for the two methods are also presented in Table 1 . The graphs show zero or negligible intercept, as described by the regression equation, A = a + bC. The apparent molar absorptivity and Sandell sensitivity values, and the limit of detection as well as the limit of quantification are also compiled in Table 1 . They demonstrate the very high sensitivity of the methods.
Accuracy and precision of the methods
The accuracy and precision of the proposed methods were evaluated by performing seven replicate analyses on the standard solution at three different levels. The relative error (0.67 -1.11%) and the relative standard deviation (0.91 -1.41%) obtained reveal a fair degree of accuracy and precision of the methods. The ruggedness of the method was evaluated by calculating the between-day precision. Analyses of the standard drug solution at three different levels over a period of 5-days were performed; the between-day RSD values varied from 1.53 to 2.32, which indicate the ruggedness of the proposed method.
Application to tablets
The developed methods were applied to the assay of albendazole in commercially available tablets; the results are given in Table 2 . The same batch tablets were also analyzed by the official method. 48 A statistical analysis of the results using the Student's t-test and F-test showed no significant differences with regard to the accuracy and precision. The reliability and accuracy of the methods were further confirmed by recovery studies through the standard-addition method. To a fixed and known amount of the drug in a tablet solution (pre-analyzed), pure albendazole was added at three different levels, and the total amount was found by the proposed methods. Each level was repeated three times using three different market formulations. The percent recoveries of the added pure drug given in Table 3 determination by the proposed methods.
Conclusions
Although nearly 20 chromatographic methods are currently available for the assay of albendazole, only one is applicable to pharmaceuticals, 20 the rest being devoted to different matrices and drug metabolites. Even this method 20 lacks sensitivity. Method A is the first titrimetric procedure ever reported for albendazole, its important features being the absence of any critical experimental variable, sharp end-point and long and dynamic linear range of determination.
Even the spectrophotometric methods are free from any critical working conditions, and do not require any heating or extraction step. The methods excell all UV-spectrophotometric procedures and most of the visible spectrophotometric methods currently available with respect of sensitivity. In fact, method B is the most sensitive (ε = 1.08 × 10 5 l mol -1 cm -1 ) ever developed for albendazole, surpassing the previously reported procedure employing permanganate-Celestine Blue as reagents 25 (ε = 3.66 × 10 4 l mol -1 cm -1 ). Both of the proposed methods are highly reliable owing to the stability of the dyes in an acid medium, which are ultimately measured. This is amply demonstrated by the high reproducibility of the results. An additional advantage of the proposed methods lies in the use of Chloramine-T as the oxidimetric reagent, which keeps its strength for several months if stored in a dark bottle, 26 compared to N-bromosuccinimide and permanganate, 25 which are quite unstable and require daily standardization. These merits, in addition to the use of simple and inexpensive chemicals and instrument, suggest the use of methods for routine analysis.
